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Mitochondrial dynamics in cell life and deathMitochondria are primarily known as the ‘power plants' of
the cell. Indeed, their biosynthetic capacity is enormous: every
day, the mitochondria of a single human individual synthesize
ca. 50 kg ATP from ADP, totalling an incredible amount of
1000 tons (!) of ATP in a lifetime. However, synthesis of ATP is
not the only vital function of mitochondria. In budding yeast and
many mammalian cell lines in culture, oxidative phosphoryla-
tion is even dispensable, as long as fermentable carbon sources
are present. But also under these conditions mitochondria are
essential for viability of the cell, because they carry out
numerous other functions, including assembly of iron sulphur
clusters, fatty acid oxidation, and several other anabolic and
catabolic reactions. In addition, mitochondria play key roles in
apoptosis, in the pathogenesis of genetic and degenerative
diseases and in aging. Given this functional diversity, it is not
surprising that shape, size, copy number and intracellular
localization of mitochondria vary considerably among different
organisms and cell types. Moreover, mitochondrial morphology
is constantly remodelled in response to the cell's ever-changing
physiological conditions. Defects in the delicate balance of
mitochondrial fusion and fission or disturbance of mitochondrial
motility inevitably have detrimental consequences for cell life
and death.
This special review issue compiles articles that illuminate the
complex behaviour of mitochondria from different angles. The
first part of the issue concentrates on the biogenesis, physiology
and inheritance of mitochondria. This section discusses recently
discovered connections between mitochondrial dynamics and
protein import and proteolysis. In addition, it puts spotlights on
the roles of mitochondrial dynamics in plants and in calcium
signalling, on the interaction of mitochondria with the actin
cytoskeleton, and on the inheritance of mitochondrial DNA,
including implications on cellular aging. The next two parts of
this issue focus on mitochondrial fusion and fission. The
molecular machineries mediating these processes, including0167-4889/$ - see front matter © 2006 Published by Elsevier B.V.
doi:10.1016/j.bbamcr.2006.06.004aspects of evolution and connections to peroxisomes, are
discussed. Particular emphasis is placed on the roles of
mitochondrial fusion and fission in disease and apoptosis. The
fourth part features two reviews on the structure and dynamics of
the mitochondrial inner membrane and its role in apoptosis. The
issue is completed by a paper introducing state-of-the-art
imaging techniques used to observe mitochondrial behaviour
in living cells.
Because the investigation of the molecular mechanisms and
physiological roles of mitochondrial shape changes is experi-
encing an exponential growth, attracting colleagues with
different backgrounds and working in different areas, we can
say that the field of mitochondrial dynamics has become highly
dynamic itself. Therefore, this issue can provide only a snapshot
of the current status of the field. Some of the current hypotheses
will be discussed controversially, and some of our views may
change in the future. On the one hand, the reviews illustrate how
far we have come in understanding the role of mitochondrial
dynamics in cell life and death, and on the other hand they
indicate how far we still have to go.
Finally, it is our pleasure to thank the authors, the referees
and the staff of Elsevier for their invaluable work that made this
project possible.
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